Objectively measured physical activity and kidney function in older men; a cross-sectional population-based study 
Introduction
Kidney function declines with age and predicts adverse outcomes such as mortality and cardiovascular disease [1, 2] . Kidney function and chronic kidney disease (CKD) are commonly defined by glomerular filtration rate (GFR), usually estimated by one of several equations based on age, gender, race and serum creatinine and/or cystatin C.
The most common causes of kidney failure (the most severe stage of CKD), are diabetes and hypertension [3] . Modifiable factors that influence kidney function even at low levels could be of public health importance, especially for older age groups. Physical activity is known to be protective against CKD risk factors such as diabetes, hypertension and cardiovascular disease [4] and exercise is recommended in management strategies for people diagnosed with CKD [5, 6, 7] . Observational studies have predominantly used self-report measures of physical activity, which are limited in a number of respects and tend to be less reliable in older adults [8] . Mixed findings have been reported across cross-sectional and longitudinal designs, with some studies reporting associations [9, 10] and others not [11, 12] , although the direction of the relationships is consistent (physical activity associated with a lower risk of CKD). However, there is a paucity of studies with objectively measured (in)activity.
We investigated associations between objectively measured (in)activity, sedentary behaviour and kidney function, as measured by estimated (e)GFR, using a community sample of older British men.
Research Design and Methods

Sample
The British Regional Heart Study is a population-based cohort study following up 7,735 men recruited from primary care practices in 1978-80. Between 2010 and 2012, all 3,137 survivors were invited to a physical examination, to provide a blood sample, complete a general questionnaire and wear a physical activity monitor (accelerometer), as described more fully elsewhere [13] . The National Research Ethics Service Committee London provided ethical approval. Participants provided informed written consent to the investigation in accordance with the Declaration of Helsinki.
Measures
GFR, expressed as ml/min per 1.73 m 2 was estimated from serum creatinine and cystatin C using the CKD Epidemiology Collaboration Creatinine-Cystatin (CKD-EPI cr-cys) equation [14] . Almost all the men (>99%) were White European.
Men wore the GT3X accelerometer (Actigraph, Pensacola, Florida) over the right hip for 7 days, during waking hours, removing it for swimming or bathing. Men with ≥3 days of ≥600 min wear time (an accepted standard for compliant wear) were included in analyses. Each minute of activity was categorised using intensity threshold values of counts per minute developed for older adults: <100 for sedentary behaviour (<1.5 metabolic equivalent (MET)), 100-1,040 for light activity (1.5-3 MET) and >1,040 for moderate/ vigorous activity (≥3 MET) [15] .
Body mass index (BMI, kg/m 2 ) and systolic blood pressure (SBP) were measured. Men completed a questionnaire on current lifestyle factors and medication use, and recorded whether they had ever received a doctor diagnosis of heart attack, heart failure or stroke. Social class was based on longest held occupation at study entry and categorised as manual and non-manual [16] .
Statistical methods
Men with kidney failure, defined by estimated GFR (eGFR) < 15 ml/min per 1.73 m 2 were excluded from analyses (n = 2). Descriptive statistics for demographic characteristics, physical activity and sedentary behaviour, were calculated by category of kidney function (based on eGFR). We investigated associations using logistic regression models for lower kidney function using a cut-off suggested for older age groups (eGFR < 45 versus eGFR ≥ 45 ml/min per 1.73 m 2 ) [17] . We examined each physical activity exposure separately: total activity counts per day, steps per day and minutes per day of sedentary behaviour, light activity and moderate/vigorous activity, and then (i) moderate/vigorous activity and sedentary behaviour and (ii) moderate/vigorous activity and light activity in the same model. Sedentary behaviour and light activity were not included in the same model due to collinearity (r = −0.62). We estimated odds ratios (ORs) for each 10,000 counts of total activity, 1,000 steps, 30 min of sedentary behaviour or light activity and 10 min of moderate/vigorous activity. Models were adjusted for average accelerometer wear time (minutes/day), age, age squared (Model 1) plus season of accelerometer wear (warm, May-September or cold, October-April), region of residence, social class, living alone, smoking status, alcohol consumption, use of statins and anti-hypertensives, existing cardiovascular disease, diabetes, SBP and total cholesterol (Model 2) plus BMI and C-reactive protein (CRP) (Model 3).
Results
Of 3,137 men invited to the physical examination, 1,722 (55%) attended, 1,424 had both eGFR and (in)activity measures of whom 2 were excluded due to eGFR < 15 ml/min per 1.73 m Of men who were invited to the examination, those with complete data and included in our study (n = 1,350) had a lower BMI 10 years earlier, 26.7 versus 27.3 kg/m 2 , and were more active, 59% versus 46% at least moderately active, than those who did not attend or did not have complete data (n = 1,787 for BMI, n = 1,293 for physical activity questionnaire).
Men with lower eGFR spent more time in sedentary behaviour and less time in physical activity (Table 1) . These men were older, and scored less favourably on a number of lifestyle factors and medication use (Table 1) .
In regression models, higher levels of total counts, steps, moderate/vigorous activity or light activity were associated with a reduced odds, and higher levels of sedentary behaviour with a higher odds of low eGFR (<45) ( Table 2 , Model 1). Associations were only slightly attenuated after adjusting for all covariates (Model 2). For example, the adjusted odds of low kidney function was 0.84 (95% confidence interval (CI) 0.76, 0.92) for an additional 10 min of moderate/vigorous activity per day. An additional 30 min of sedentary behaviour per day was associated with an increased odds for low eGFR of 1.16 (95% CI 1.06, 1.27). In models including moderate/ vigorous activity and sedentary behaviour or moderate/vigorous activity and light activity simultaneously, associations with low eGFR were slightly attenuated but remained significant for moderate/vigorous activity ( Table 2 ). Adjusting models for BMI and CRP slightly further attenuated associations ( 
Discussion
In our study of older community dwelling men, all the (in) activity measures we investigated were associated with kidney function after adjustment for covariates; higher levels of physical activity and lower levels of sedentary behaviour were associated with a lower odds of eGFR < 45 ml/min per 1.73 m 2 . These findings are clinically relevant since physical activity and sedentary behaviour are modifiable, and may be particularly important for older people, in whom kidney function is declining [18, 19] .
Higher levels of moderate/vigorous activity were associated with eGFR independently of sedentary behaviour or light activity, although the association between moderate/ vigorous activity and eGFR was not independent of sedentary behaviour after additional adjustment for BMI and CRP. Very few studies have examined objectively measured (in)activity in relation to kidney function [9, 20] . In the NHANES study, in men without diabetes, moderate/vigorous activity, light activity and sedentary behaviour were each associated with kidney function, moderate/vigorous activity and light activity and moderate/vigorous activity and sedentary behaviour independently of each other, but these associations were not present in men with diabetes [20] . A longitudinal study of adults with recently diagnosed Type 2 diabetes also found moderate/vigorous activity and sedentary behaviour were associated with decreased and increased risk respectively of developing CKD, but these associations were not independent [9] .
A major strength of our study is the use of accelerometers to investigate physical activity of different intensities in relation to kidney function. We use cystatin C and creatinine to estimate eGFR; while creatinine levels are widely used to estimate kidney function, cystatin C is less influenced by muscle mass and dietary intake. Our population of older men is community-based which increases the generalisability of our results beyond clinical groups, although possibly not to women or younger age groups, since kidney function levels and associations between (in) activity and kidney function may differ by gender and age [10, 20, 21] . We were able to account for a range of potential confounders, including BMI and CRP. Poorer kidney function is associated with increased inflammation [22] and increased BMI (BMI particularly in older age groups) [23] . We found associations between (in)activity to be reduced but not eliminated after adjusting for BMI and/or CRP, suggesting that increased inflammation and/or BMI may be partial mediators. Our data are limited in being crosssectional, and since kidney disease can cause fatigue and weakness, associations may operate in either or both directions; lower kidney function may lead to less physical activity and more sedentary behaviour, which may explain some of the inconsistencies seen across studies.
This study found higher levels of physical activity and lower levels of sedentary behaviour were associated with eGFR < 45 ml/min per 1.73 m 2 in older men. Since older age groups are at higher risk of poor kidney function due to the age-related decline in kidney function, and because they also have low physical activity levels, they may have greater potential to benefit from increasing their levels of physical activity or reducing levels of sedentary behaviour.
Key points
• Kidney function declines in older adults and physical activity levels are low.
• Higher levels of physical activity and lower levels of sedentary behaviour were beneficially associated with kidney function.
• Moderate/vigorous activity was beneficially associated with kidney function after adjusting for light activity or sedentary behaviour. 
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